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ABSTRACT 


Generalizations  of  the  classical  Thermodynamic  Laws  are  adopted 
as  the  fundamental  principles  of  the  proposed  theory,  hereafter  called 
the  Dynamic  Theory.  An  important  role  is  played  by  an  integrating  factor 
which  makes  the  energy  exchange  with  the  environment  a total  differential 
and  leads  to  the  definition  of  a mechanical  entropy.  The  integrating 
factor  is  shown  to  be  a function  of  velocity  only  and  an  arguement  follow- 
ing Caratheodory's  proves  the  existence  of  a unique  limiting  velocity 
which  makes  its  appearance  in  the  integrating  factor. 

Equilibrium  and  stability  conditions  for  dynamic  systems  are  derived 
and  together  with  the  principle  of  increasing  entropy  provide  a geometrical 
structure  from  which  the  theories  of  relativity.  Maxwell's  electromagnetism, 
and  quantum  effects  may  be  derived.  Thus  the  Dynamic  Theory  is  shown  to 
unify  the  various  branches  of  physics  into  one  theoretical  structure. 


Extensions  of  current  physical  theories  required  by  the  Dynamic 
Theory  are  displayed.  In  these  extensions  new  field  quantities  appear 
that  become  important  for  systems  with  varvina  mass  density. 
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The  objective  of  this  report  is  to  present  the  principles  of  a theory 
which  was  developed  partly  during  thesis  research  and  partly  during  a research 
project  sponsored  by  the  Naval  Academy  Research  Council.  That  portion  of 
the  theory  developed  during  thesis  research  at  the  Naval  Postgraduate 
School  is  contained  in  the  thesis  titled  "On  a Possible  Formulation  of 
Particle  Dynamics  in  Terms  of  Thermodynamic  Conceptualizations  and  the  Role 
of  Entropy  in  it."  In  order  that  this  report  may  present  a complete  picture 
of  the  theory  some  of  the  material  presented  In  the  thesis  is  developed  in 
sections  II. A and  II. B. 

During  any  theorization  the  philosophy  of  the  theorist  plays  such  an 
important  role  that  an  attempt  to  understand  the  theory  is  aided  by  a 
knowledge  of  this  philosophy.  Therefore  this  report  Includes  not  only  the 
mathematical  development  but  also  the  philosophical  basis  upon  which  the 
theory  Is  based. 

Einstein,  in  the  Special  Theory  of  Relativity,  adopted  the  position  that 
the  constancy  of  the  speed  of  light  forces  a modification  of  Newton's  Dynamic 
Law.  This  modification  implies  that  all  forces  have  the  same  limiting 
velocity,  namely,  the  speed  of  light.  There  exists  an  abundance  of  theoretical 
and  experimental  evidence  that  the  speed  of  light  becomes  the  limiting 
velocity  whenever  electromagnetic  forces  are  Involved.  But  what  of  the  other 
forces,  such  as  gravitional?  Should  they  also  have  the  same  limiting  velocity? 
Though  we  have  had  reports  of  the  detection  of  gravitational  waves  we  have 
no  experimental  determination  of  the  speed  of  a gravitational  wave.  Therefore, 
it  appears  that  this  modification  should  have  some  additional  justification. 


To  further  illustrate  this  conclusion  suppose  we  consider  an  analogy. 


which  may  not  hold  in  the  strictest  sense,  that  will  show  the  adopted 
point  of  view.  A river  flowing  toward  the  sea  carries  energy  with  it. 

The  speed  with  which  this  energy  can  move  from  one  point  to  another  is  the 
velocity  of  the  river’s  current.  The  river  produces  a force  on  a boat 
tied  up  to  a pier  on  the  river.  When  the  boat  is  set  adrift  this  force 
accelerates  the  boat.  However,  the  maximum  velocity  to  which  the  river 
can  accelerate  the  boat  is  the  current  velocity.  This  is  the  velocity 
with  which  the  energy  of  the  river  can  propagate. 

From  this  point  of  view  the  speed  of  light,  being  th?  propagation 
velocity  of  electromagnetic  energy  must  be  the  limiting  velocity  associated 
with  electromagnetic  forces.  Certainly  nature  would  be  much  simplier  if 
all  forces  have  the  same  limiting  velocity.  Yet  without  some  experimental 
evidence  of  the  propagation  velocity  of  gravitational  energy  there  seems 
to  be  no  a priori  reason  that  gravitational  forces  should  be  subjected 
to  the  same  limiting  velocity  other  than  arguments  of  simplicity. 

Is  nature  symmetrical  in  time?  Does  everything  run  backwards  in 
time  as  well  as  forward?  Obviously  not  every  process  in  nature  will  run 
backwards,  yet  the  equations  of  motion  in  Newtonian  and  relativistic 
mechanics  are  time  symmetrical.  Certainly  there  are  special  cases  in 
nature  where  time  symmetry  appears  and  time  symmetrical  equations  of 
motion  should  be  used.  However,  these  equations  are  limited  to  those 
special  cases  for  the  universal  application  of  time  symmetrical  equations 
could  not  describe  a time  asymnetrical  nature. 

There  are  several  different  branches  of  physics  currently  being 
used,  such  as  thermodynamics,  Newtonian  and  relativistic  mechanics  and 
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guantum  mechanics.  Each  of  these  branches  has  its  own  basic  assumptions 
or  postulates.  There  has  been  a great  deal  of  effort  by  physicists  over 
the  last  seventy  years  to  somehow  merge  these  branches  into  a unified 
theory.  This  unification  can  now  be  done. 

Think  of  a group  of  tall,  ancient  redwood  trees.  Each  tree  is  strong, 
tall,  and  above  the  ground  is  very  distinct  from  the  others.  However,  we 
know  that  if  we  dig  down  below  the  ground  we  will  find  that  these  trees 
grow  from  the  same  root  system.  This  Is  similar  to  the  philosophy  adopted 
here  concerning  the  different  branches  of  physics.  If  we  obtain  a more 
fundamental  letfel  we  should  find  that  the  different  branches  are  merely 
special  cases  of  the  more  general  laws  of  nature.  The  prior  attempts 
of  unification  seem  to  be  trying  to  tie  the  trees  together  at  the  top 
rather  than  down  at  the  root  level. 

Suppose  we  adopt  the  viewpoint  that  there  should  be  a single  set  of 
laws,  or  postulates,  which  will  yield  the  different  branches  of  physics. 

How  might  we  begin  to  determine  what  they  are?  In  order  to  illustrate 
the  procedure  adopted  within  this  theory  consider  the  directions  that  a 
native  Ozarklan  gave  to  a stranger  who  was  trying  to  find  a certain  fishing 
hole.  The  directions  went  something  like  this;  "See  yonder  road  going 
down  that  holler?  Well,  go  down  thar  'bout  5 mile  and  you'll  come  to 
a fork  in  the  road.  Take  the  right  hand  ford.  Now  that's  the  wrong  one 
but  you  take  it  anyways.  After  you've  gone  a piece  you'll  come  to  a log 
across  the  road.  Now  you  know  you're  on  the  wrong  road.  So  go  back  and 
take  the  left-hand  fork.  You  can't  miss  It." 

How  does  this  bit  of  Ozark  hill  wit  help  determine  a more  fundamental 
set  of  physical  laws?  Recall  that  Newtonian  mechanics  fails  to  describe 
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events  involving  high  velocities*  relativistic  mechanics  fails  to  describe 
the  atom,  and  gravitational  effects  have  resisted  quantization.  If  we 
view  these  as  logs  and  follow  the  Ozarkian's  directions  we  must  retrace 
our  steps  and  seek  another  approach  rather  than  attempting  to  chop  the 
log  up  and  continue  to  push  forward  up  one  of  these  roads. 

We  find  then  that  thermodynamics  is  the  one  branch  which  does  not 
appear  to  have  a log  somewhere  along  the  way.  Here  we  find  the  classical 
thermodynamic  laws  very  general,  particularly  Coratheodory's  statement  of 
the  second  law.  If  we  follow  the  directions  the  thermodynamic  laws  seem 
to  be  the  place  to  look  for  the  fork  in  the  road  where  we  might  hope  to 
take  a different  route. 

In  mechanics  we  talk  of  equations  of  motion,  field  equations,  and 
geometry  while  in  thermodynamics  we  speak  of  equations  of  state  and 
equilibrium.  If  we  adopt  a generalization  of  the  classical  thermodynamic 
laws  how  could  we  obtain  the  equations  we  are  familiar  with  in  mechanics? 

The  crucial  point  is  how  to  obtain  geometry  from  these  general  laws  for 
if  we  have  a geometrical  description  we  can  use  established  procedures 
to  obtain  equations  of  motion  and  field  equations. 

Geometry  may  be  obtained  from  a quadratic  form  and  we  know  from 
thermodynamics  that  the  stability  conditions  appear  as  a quadratic  form 
and  therefore  the  stability  conditions  should  yield  a natural  geometry 
based  upon  laws  generalized  from  the  classical  thermodynamic  laws. 

Now  obviously  such  a generalization  will  yield  classical  thermodynamics 
if  only  thermodynamic  variables  are  considered.  What  we  need  to  find  out 
is  whether  or  not  these  laws  can  also  yield  familiar  mechanical  laws. 
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Chapter  II  of  this  report  covers  this  question  beginning  with  the  adopted 
laws  as  they  would  be  applied  to  a mechanical  system.  Next  the  stability 
condition  quadratic  form  is  derived  and  the  nature  of  the  resulting 
geometry  is  determined.  Once  the  geometry  has  been  determined  the  field 
equations  and  quantization  follow  from  the  geometry  and  the  laws  using 
the  previous  work  of  Weyl  and  London. 

Once  having  established  the  unifying  effect  of  the  theory  an  immediate 
question  appears.  What  about  new  predictions,  or  results?  If  when  we 
hold  the  mechanical  variables  fixed  we  get  classical  thermodynamics  and 
when  we  hold  the  thermodynamic  variables  fixed  we  obtain  the  mechanical 
theories,  what  do  we  get  if  we  have  a system  which  must  be  described  in 
terms  of  both  thermodynamic  and  mechanical  variables?  Chapter  III  presents 
some  of  the  immediate  results  which  may  be  obtained  for  such  a system. 


II.  UNIFYING  EFFECT  OF  THE  DYNAMIC  THEORY 


A.  General  Laws 

In  the  following  development  physical  concepts  are  necessary,  as  are 
symbols  for  these  concepts.  Because  this  development  will  merge  certain 
thermodynamic  conceptualizations  into  mechanics,  a notational  dilemma  must 
be  faced.  On  the  one  hand  it  is  desired  to  preserve  the  thermodynamic  con- 
ceptualization by  using  familiar  symbols  from  that  theory.  On  the  other  hand 
it  is  really  mechanical  systems  for  which  a description  is  sought.  The  for- 
mulism then  looks  either  like  thermodynamics  with  familiar  thermodynamic 
quantities  replaced  by  mechanical  quantities,  or  it  looks  like  mechanics 
into  which  thermodynamic  quantities  intruded.  In  either  case  there  is  danger 
of  confusion.  One  could  evade  the  dilemma  by  choosing  entirely  different 
symbols  for  the  variables  of  the  theory.  But  then  the  whole  takes  an  arti- 
ficially abstract  character.  Since  the  purpose  of  this  formulation  is  to 
bring  out  the  power  of  the  thermodynamic  conceptualization  it  was  decided 
to  use  the  suggestiveness  of  the  thermodynamic  or  mechanical  symbols  whenever 
convenient  and  the  reader  is  asked  to  keep  an  open  mind  and  not  make  premature 
associations  with  the  symbols  used. 

1.  First  Law 

The  concept  of  conservation  of  energy  is  fundamental  to  all  branches 
of  physics  and  therefore  represents  a logical  beginning  for  a generalized 
theory.  Therefore,  in  terms  of  generalized  coordinates  the  notion  of  work, 
or  mechanical  energy,  is  considered  linear  forms  of  the  type 

li;  * Fj (q1 , . . . , q",  q1,  . . . , q^dq1;  (1  = 1,  2 n) 

Where  the  forces  F^  may  be  functions  of  the  velocities  (dqVdt  = q^)  as  well 
as  the  coordinates  q1  and  the  summation  convention  is  used. 
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The  line  integral  / F^  dq*  then  represents  the  work  done  along  the 
path  C by  the  generalized  forces. 

A system  may  acquire  energy  other  than  mechanical,  such  energy  acquisi- 
tion is  denoted  <TQ. 

The  system  energy,  which  represents  the  energy  possessed  by  the  system, 
is  considered  to  be 

irtq1,...,  qn,  q1,...  q11). 
dll  will  be  assumed  to  be  a perfect  differential. 

With  these  concepts  then  the  generalized  law  of  conservation  of  energy 
has  the  form 

dq  = dU  - dw 

= dU  - F.  dq1;  (i  = 1,...,  n)  (1) 

Positive  dq  Is  taken  as  energy  added  to  the  system  by  means  other  than 
mechanical  and  F^  Is  taken  as  the  component  of  the  generalized  force  acting 
on  the  system. 

In  an  Infinitesimal  transformation,  the  first  law  Is  equivalent  to  the 
statement  that  the  differential 
dU  - HQ  + Fidq1 

is  exact.  That  is,  there  exists  a function  U whose  differential  is  dll;  or 
the  integral  /dll  is  Independent  of  the  path  of  the  Integration  and  depends 
only  on  the  limits  of  Integration.  This  condition  is  not  shared  by  dq  or 
ltd. 

Since  this  statement  of  the  generalized  first  law  Is  consistent  with 

the  first  law  of  thermodynamics  and  It  is  desired  to  derive  the  equations 

of  motion  for  a mechanical  system  from  the  generalized  laws,  all  thermodynamic 

coordinates  will  be  held  fixed.  To  simplify  the  Initial  development  only 

one  positional  coordinate  will  be  used  and  the  extension  to  larger  dimensional 
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systems  made  at  an  appropriate  later  time. 
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To  explore  some  of  the  consequences  of  the  exactness  of  dli  consider  a 
system  whose  variables  are  F,  q and  q.  The  existence  of  the  state  function 
U,  or  an  equation  of  state,  means  that  any  pair  of  these  three  parameters 
may  be  chosen  to  be  the  Independent  variables  that  completely  specify  the 
system.  For  example  consider  U = ii(F,  q),  then 

du  ■ $>,  dF  + <$>F  d»' 

The  requirement  that  dU  be  exact  immediately  leads  to  the  result 


The  "energy  capacity"  of  a system  at  the  position  q with  dq  = o may 
be  defined  as 


while  the  "energy  capacity"  of  a system  under  a constant  force  is  defined  as 

CF  ,«s}>F  * $ - F'!?>F 
2.  Second  Law 

There  are  processes  which  satisfy  the  first  law  but  which  are  not 
observed  in  nature.  The  purpose  of  the  dynamical  second  law  is  to  incorporate 
such  experimental  facts  into  the  model  of  dynamics. 

The  statement  of  the  second  law  Is  made  using  the  axiomatic  statement 
provided  by  the  Greek  mathematician  Caratheodory,  who  presented  an  axiomatic 
development  of  the  second  law  of  thermodynamics  which  may  be  applied  to  a 
system  of  any  number  of  variables.  The  second  law  may  then  be  stated  as: 


In  the  neighborhood  (however  close) 
of  any  equilibrium  state  of  a system 
of  any  number  of  dynamic  coordinates, 


there  exists  states  that  cannot 
be  reached  by  reversible  Q - 
conservative  (dQ  ■ o)  processes. 

When  the  variables  are  thermodynamic  variables  the  Q-conservatlve 
processes  are  known  as  adiabatic  processes. 

A reversible  process  is  one  that  Is  performed  In  such  a way  that, 
at  the  conclusion  of  the  process,  both  the  system  and  the  local  surroundings 
may  be  restored  to  their  Initial  states,  without  producing  any  change  in 
the  rest  of  the  universe. 


Consider  a system  whose  Independent  coordinates  are  a generalized 
displacement  denoted  q,  a generalized  velocity  q (with  q = dq/dt),  and  a 
generalized  force  F.  It  can  be  shown  that  the  Q-conservative  curve  compris- 
ing all  equilibrium  states  accessible  from  the  Initial  state,  1,  may  be  expressed 
by 

a * o(q,  q)  = constant 

where  o represents  some  as  yet  undetermined  function.  Curves  corresponding 


to  other  Initial  states  would  be  represented  by  different  values  of  the 
constant. 


Reversible  Q-conservatlve  curves  cannot  intersect,  for  If  they  did  It 
would  be  possible,  as  shown  In  Figure  1,  to  proceed  from  an  Initial  equilibrium 
state  i,  at  the  point  of  Intersection,  to  two  different  final  states  f-j  and 
f2,  having  the  same  q,  along  reversible  Q-conservatlve  paths,  which  Is  not 
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Figure  1.  If  two  reversible 
Q-conservative  curves  could 
intersect,  it  would  be  possible 
. to  violate  the  second  law  by 
performing  the  cycle  1,  f|, 

When  the  system  can  be  described  with  only  two  Independent  variables, 
such  as  on  the  Q-conservative  curve,  then  if  these  variables  are  q and  q, 
and  F is  a generalized  force. 


<fQ  = dU  - Fdq. 


Regarding  U - li(q,q)  then 

?Q  - <2£>  dq  + [(^).  - F]  dq, 
aq  q 9q  q 

where  (~)  , F,  and  (— ).  are  functions  of  q and  q. 

3q  q dq  q 

A Q - conservative  process  for  this  system  Is 

(“)  dq  + I(^).  - F]  dq  * o 
aq  q 3q  q 

Solving  for  dq/dq  yields 

dq  _ ~^3q^q  ~ ^ 
dq  ” 

aq  q 


M 


The  right  hand  member  Is  a function  of  q and  q,  and  therefore  the  derivative 
dq/dq(  representing  the  slope  of  a Q-conservatlve  curve  on  a (q,  q)  diagram. 
Is  known  at  all  points.  Equation  (2)  has  therefore  a solution  consisting 
of  a family  of  curves,  see  Figure  2,  and  the  curve  through  any  one  point 


may  be  written 


a = a (q,  q)  * constant 


/ / 


/ / 


Figure  2.  The  first  law,  through  equation  (2) 
fills  the  (q,  q)  space  with  slopes  specified 
at  each  point.  The  o curves  represent  the  solu- 
tion curves  whose  tangents  are  the  required 
slopes.  The  second  law  requires  that  these 
curves  do  not  Intersect. 

A set  of  curves  Is  obtained  when  different  values  are  assigned  to  the  con- 
stant. The  existence  of  the  family  of  curves  cr(q,  q)  « constant,  generated 
by  equation  (2),  representing  reversible  Q-conservatlve  processes,  follows 
from  the  fact  that  there  are  only  two  Independent  variables  and  not  from 
any  law  of  physics.  Thus  It  can  be  seen  that  the  first  law  may  be  satisfied 
by  any  of  these  a * constant  curves.  The  axiom  requires  that  these  curves 
do  not  Intersect.  Therefore  the  axiom,  together  with  the  first  law,  leads 
to  the  conclusion  that:  through  any  arbitrary  Initial-state  point,  all 
reversible  Q-conservatlve  processes  lie  on  a curve,  and  Q-conservatlve  curves 
through  other  Initial  states  determine  a family  of  non- Intersecting  curves. 
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To  see  the  results  of  this  conclusion  consider  a system  whose  coordin-  \ 

. i 

ates  are  the  generalized  velocity  q,  the  generalized  displacement  q and  the 

generalized  force  F.  The  first  law  is 

3Q  = dU  - Fdq 

where  U and  F are  functions  of  q and  q.  Since  the  (q,  q)  surface  is  sub- 
divided into  a family  of  non-intersecting  Q-conservative  curves  j 

o(q,  q)  = constant 

• j 

where  the  constant  can  take  on  various  values  o-j , 02*  ...  any  point  in  the 
surface  may  be  determined  by  specifying  the  value  of  0 along  with  q so  that 
U,  as  well  as  F,  may  be  regarded  as  functions  of  a and  q.  Then 

<•"  - <!§>,  ^ 

and 

JQ  - <f£)q  da  ♦ t(^)0  - F)  dq 

Since  a and  q are  independent  variables  this  equation  must  be  true  for 
all  values  of  da  and  dq. 

Suppose  do  = 0 and  dq  i 0.  The  provision  that  da  = 0 is  the  provision 

for  a Q-conservative  process  In  which  3Q  = 0.  Therefore,  the  coefficient  of 

dq  must  vanish.  Then,  in  order  for  a and  q to  be  independent  and  for  <TQ 

to  be  zero  when  da  is  zero,  the  equation  for  <FQ  must  reduce  to  ! 

SQ  = (f~)q  do,  |j 

with  | ; 

'3q'a  ‘ 

\ 1 

Defining  a function  X by 


where 


X * A(o,q). 


How,  In  general,  an  Infinitesimal  of  the  type 

Pdx  + Qdy  + Rdz  + ...  , 

known  as  a linear  differential  form,  or  a Pfafflan  expression,  when  It  Involves 
three  or  more  Independent  variables,  does  not  admit  of  an  Integrating  factor. 

It  Is  only  because  of  the  existence  of  the  axiom  that  the  differential  form 
for  cTq  referring  to  a physical  system  of  any  number  of  Independent  coordinates 
possess  an  Integrating  factor. 

Two  Infinitesimally  neighboring  reversible  Q-conservatlve  curves  are 
shown  In  Figure  3.  One  curve  Is  characterized  by  a constant  value  of  the 
function  oft,  and  the  other  by  a slightly  different  value  oA  + do  - Og.  In 
any  process  represented  by  a displacement  along  either  of  the  two  Q-conservatlve 
curves  <TQ  = 0.  When  a reversible  process  connects  the  two  Q-conservatlve 
curves  energy  <lQ  = Ado  is  transferred. 


Figure  3.  Two  reversible  Q-conservatlve 
curves.  Infinitesimally  close,  when  the 


The  various  infinitesimal  processes  that  may  be  chosen  to  connect  the 
two  neighboring  reversible  Q-conservative  curves,  shown  in  Figure  3,  involve 
the  same  change  of  a but  take  place  at  different  X.  In  general  X is  a 
function  of  q and  q.  However  It  Is  obvious  that  X may  be  expressed  as  a 

function  of  o and  q.  To  find  the  velocity  dependence  of  X consider  two  systems, 

one  and  two,  such  that  in  the  first  system  there  are  two  Independent  coordinates 
q and  q and  the  Q-conservatlve  curves  are  specified  by  different  values  of 
the  function  o of  q and  q.  When  energy  "JQ  Is  transferred,  a changes  by  da 
and  3Q  = Xda  where  X is  a function  of  a and  g. 

, * 

The  second  system  has  two  Independent  coordinates  q,  and  q and  the 
Q-conservative  curves  are  specified  by  different  values  of  the  function  8 

B A A A A A A A /V 

of  q and  q.  When  dQ  is  transferred,  a changes  by  do  and  dQ  = Xda  where  X 

A 

is  a function  of  a and  q. 

The  two  systems  are  related  through  the  coordinate  q in  that  both  systems 

make  up  a composite  system  In  which  there  are  three  independent  coordinates 

. 

q,  q,-  and  q and  the  Q-conservative  curves  are  specified  by  different  values  of 
the  function  aQ  of  these  independent  variables. 

A A A 

Since  a = a(q,q)  and  a * o(q,q),  using  the  equations  for  a and  a,  a 

A 

may  be  regarded  as  a function  of  q,  o and  a. 

For  an  Infinitesimal  process  between  two  neighboring  Q-conservative  sur- 
faces specified  by  o and  a + dar,  the  energy  transferred  is  <Rj  * X da  where 

v W v v L 

Xc  is  also  a function  of  q,  a,  and  a.  Then 

9a„  3a_  9a_ 

da  = dq  + -srf-  da+  ->£■  da  (3) 

9q  30  9a 

Now  suppose  that  in  a process  there  is  a transfer  of  energy  <TQC 
between  the  composite  system  and  an  external  reservoir  with  energies  3Q  and 
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30  being  transferred , respectively,  to  the  first  and  second  systems,  then 


and 


3Qc  « 3q  + ?Q 


X do.  ■ Xdo  + Xdo  , 

t v 


or 


do,.  • &+  T~  do 

c xc  xc 


(4) 


Comparing  equations  (3)  and  (4)  for  doc  then 

3a„ 


0. 


3q 


Therefore  ac  does  not  depend  on  q,  but  only  on  a and  o.  That  Is 


crc  » oc(o.o) 


Again  comparing  the  two  expressions  for  da 


da. 


i2dac 

X.  da 


therefore  the  two  ratios  X/X_  and  X/\  are  also  Independent  of  q,  q and  q. 

v 

These  two  ratios  depend  only  on  the  o's,  but  each  separate  X must  depend  on  the 
velocity  as  well  (for  example,  if  X depended  only  on  a and  on  nothing  else, 
the  <TQ  = Xda  would  equal  f(a)  do  which  is  an  exact  differential).  In  order 
for  each  X to  depend  on  the  velocity  and  at  the  same  for  the  ratios  of  the  X’s 
to  depend  only  on  the  a's,  the  X's  must  have  the  following  structure: 

X * <|>(q)  f(o), 

X ■ <J>(q)  f(o), 
and 

Xc  * $(q)  g(o,o). 


(5) 


(The  quantity  X cannot  contain  q,  nor  can  X contain  q,  since  X/Xc  and  Vxc 


must  be  functions  of  the  a's  only.) 
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Referring  now  only  to  the  first  system  as  representative  of  any  system 
of  any  number  of  Independent  coordinates,  the  transferred  energy  is,  from 
equations  (5), 

eft)  s $(q)  f(o)  do 

Since  f(o)do  is  an  exact  differential,  the  quantity  l/4»(q)  is  an  Integrating 
factor  for  JQ.  It  is  an  extraordinary  circumstance  that  not  only  does  an 
integrating  factor  exist  for  the  7Q  of  any  system,  but  this  Integrating  factor 
is  a function  of  velocity  only  and  Is  the  same  function  for  all  systems. 

The  fact  that  a system  of  two  Independent  variables  has  a cTQ  which  always 
admits  an  Integrating  factor  regardless  of  the  axiom  is  interesting,  but  its 
importance  in  physics  is  not  established  until  it  is  shown  that  the  integrating 
factor  is  a function  of  velocity  only  and  that  it  is  the  same  function  for  all 
systems. 

3.  The  Absolute  Velocity 

The  universal  character  of  <|>(q)  makes  it  possible  to  define  an  absolute 
velocity.  Consider  a system  of  two  Independent  variables  q and  q,  for  which 
two  constant  velocity  curves  and  Q-conservative  curves  are  shown  in  Figure  4. 
Suppose  there  is  a constant  velocity  transfer  of  energy  Q between  the  system 
and  an  external  reservoir  at  the  velocity  q,  from  a state  b,  on  a Q-conservative 
curve  characterized  by  the  value  cr-|,  to  another  state  c,  on  another  Q-cohservative 
curve  specified  by  Og.  Then  since 

<TQ  = <|>(q)f(cr)da. 


>l> 


it  Is  seen  that 


■i 

■j 

1 


u 

* *"i 
i ' ’ 


ir 


AQ  = 4>(q)  I f(a)da  at  constant  q. 
°1 


\ 

»~q 

Figure  4.  Two  constant  velocity  energy  „ 
transfers,  Q at  Q from  b to  c and  Q,  at  qj 
from  a to  to  d,  between  the  same  two  con- 
servative curves  o-|  and  Og. 


For  any  constant  velocity  process  between  two  other  points  a to  d, 
at  a velocity  q,  between  the  same  two  Q-conservatlve  curves  the  energy 

On 

transferred  is  AQ(qj)  * AQ^  a ^(q^)  / c f(o)  da  at  constant  q^ 

°1 


Taking  the  ratio  of 


a function  of  the  velocity  at  which  AQ  Is  transferred 
same  function  of  velocity  at  which  AQ3  Is  transferred 


Then  the  ratio  of  these  two  functions  is  defined  by 


<t>(AL 

<Kq3) 


AQ( between  o^  and  0£  at  q) 

AQ3  (between  a-j  and  o ^ at  q^) 
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or  AQ3 

AQ  - l—~~]  <J>(q) » 

4>(q3) 

by  choosing  some  appropriate  velocity  q3  then  it  follows  that  the  energy 
transferred  at  constant  velocity  between  two  given  Q-conservative  curves 
decreases  as  <j>(q)  decreases,  or  the  smaller  the  value  of  Q the  lower  the 
corresponding  value  of  <|>(q).  When  AQ  is  zero  <j>(q)  Is  also  zero.  The 
corresponding  velocity  qQ  such  that  <f> (qQ)  is  zero  is  the  "absolute  velocity". 
Therefore,  if  a system  undergoes  a constant  velocity  process  between  two 
Q-conservative  curves  without  an  exchange  of  energy,  the  velocity  at  which 
this  takes  place  is  called  the  absolute  velocity. 

4.  The  Concept  of  Entropy 

In  a system  of  two  independent  variables,  all  states  accessible  from  a 
given  initial  state  by  reversible  Q-conservatlve  processes  lie  on  a o(q,q) 
curve.  The  entire  (q,q)  space  may  be  conceived  as  being  filled  by  many 
non- intersecting  curves  of  this  kind,  each  corresponding  to  a different  value 
of  a.  In  a reversible  non  Q-conservative  process  involving  a transfer  of 
energy  dQ,  a system  in  a state  represented  by  a point  lying  on  a surface  o 
will  change  until  its  state  point  lies  on  another  surface  a + do.  Then 

dQ  = Ado, 

where  1/A,  the  integrating  factor  of  HQ,  is  given  by 

A = <J>(q)f(o) » 

and  therefore 

3Q  = <j>(q)f(o)do 
or 

^9—  = f (o)do  . 

4>(q) 


Since  o is  an  actual  function  of  q and  q the  right-hand  member  is  an  exact 


ds  - -SSL  , 

<J>(q) 

where  S is  the  mechanical  entropy  of  the  system  and  the  process  is  a rever- 
sible one. 

The  dynamical  second  law  may  be  used  to  prove  equivalent  of  Clausius' 
theorem,  which  is  stated  here  without  proof. 

Theorem:  In  any  cyclic  transformation  throughout  which  the  velocity  is 

defined,  the  following  Inequality  holds: 

*-®-<  0 , 

♦(q), 

where  the  integral  extends  over  one  cycle  of  the  transformation.  The  equality 
holds  If  the  cyclic  transformation  is  reversible.  Then  for  an  arbitrary 
transformation 

B 

f J!L<  s(B)  - S(A) , 

<j>(q) 

with  the  equality  holding  If  the  transformation  is  reversible.  The  proof 
of  this  statement  may  be  seen  by  letting  R and  I denote  respectively  any 
reversible  and  any  Irreversible  path  joining  A to  B,  as  shown  in  Figure  5. 


Figure  5 

For  path  R the  assertion  holds  by  definition  of  S.  Now  consider  the  cyclic 
transformation  made  up  of  I plus  the  reverse  of  R.  From  Clausius'  theorem 


/ $>  / $ < 0 , 
I ♦ " R * “ 


-a 


the  x and  x are  given  by  the  solution  of  the  system  of  equations 

d /3G  \ 3G  _ n 
aF5xr)  " 3x  ~ 0 

d /3G  \ 3G  _ n 


where 


rlx  r3 U 


G ■ <?>  'I?  - F1  afl  «*  X'  - ^ and  *■  = If 


_ dx 


Thus  the  dynamical  second  law  provides  an  answer  to  the  question  that  Is 
not  contained  within  the  scope  of  the  first  law:  In  what  direction  does  a 

process  take  place?  The  answer  Is  that  a process  always  takes  place  In  such 
a direction  as  to  cause  an  Increase  of  the  mechanical  entropy  In  the  universe. 

In  the  case  of  an  Isolated  system,  It  Is  the  entropy  of  the  system  that  tends 
to  Increase.  To  find  out,  therefore,  the  equilibrium  state  of  an  Isolated  one 
dimensional  system,  it  is  necessary  merely  to  express  the  entropy  as  a 
function  of  q and  q and  to  apply  the  usual  rules  of  calculus  to  render  the 
function  a maximum.  When  the  system  Is  not  isolated  there  are  other  entropy 
changes  to  be  taken  Into  account. 

5.  Third  Law 

The  dynamical  second  law  enables  the  mechanical  entropy  of  a system  to  be 
defined  up  to  an  arbitrary  additive  constant.  The  definition  depends  on  the 
existence  of  a reversible  transformation  connecting  an  arbitrarily  chosen  refer- 
ence state  0 to  the  state  under  consideration.  Such  a reversible  transformation 
always  exists  If  both  0 and  A lie  on  one  sheet  of  the  equation  of  the  state 
surface.  If  two  different  systems  are  considered  the  equation  of  the  state  surface 
may  consist  of  several  disjoint  sheets.  In  such  cases  the  kind  of  reversible  path 
previously  mentioned  may  not  exist.  Therefore  the  second  law  does  not  uniquely 
determine  the  difference  In  entropy  of  two  states  A and  B,  If  A defines  a state 
of  one  system  and  B the  state  of  another.  For  this  determination  a dynamical  third 
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lav/  is  needed.  The  dynamical  third  law  may  be  stated,  "The  mechanical  entropy 
of  a system  at  the  absolute  velocity  is  a universal  constant,  which  may  be  taken 
to  be  zero."  In  the  case  of  a purely  thermodynamic  system  the  absolute  quantity 
is  the  absolute  zero  temperature,  while  for  a mechanical  system  the  absolute 
quantity  is  the  absolute  velocity. 

The  dynamical  third  law  implies  that  any  energy  capacity  of  a system  must 

vanish  at  the  absolute  velocity.  To  see  this,  let  R be  any  reversible  path 

connecting  a state  of  the  system  at  the  absolute  velocity  qQ  to  the  state  A, 

whose  entropy  is  to  be  found.  Let  CR(q)  be  the  energy  capacity  of  the  system 

along  the  path  R.  Then,  by  the  second  law, 

% 

■S(A)  = / CR(q)  -ft  . . 

q0  R *(q) 

But  according  to  the  third  law, 

S(A)  -*  0. 


Hence  it  follows  that 


CR(q)  - 0 


q - q0. 

In  particular,  CR  may  be  Cq  or  Cp. 

B.  Equilibrium  and  Stability  Conditions 

The  three  generalized  laws  have  been  formulated  and  a few  results  of  these 
laws  have  been  seen.  The  next  step  is  to  derive  the  stability  conditions  to 
obtain  the  quadratic  forms  necessary  for  a metric.  In  the  process  of  deriving 
the  equilibrium  conditions  and  In  turn  the  stability  conditions  other  state 
functions  are  used.  These  functions  may  be  defined  briefly  here  as: 
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Mechanical  enthalpy  (H) : H = U - F q 

Mechanical  Helmholtz  function  (K):  K = U - $(q)$,  and 

Mechanical  Gibbs  function  (G):  G = H-  <|>(q)S 

These  functions  may  be  used  to  derive  Maxwell  type  relations  for  a mechanical 
system  and  these  relations  are  presented  In  reference  (D)  but  are  not  included 
here. 

The  derivation  of  the  equilibrium  and  stability  conditions  Is  identical  to 
the  derivation  of  the  thermodynamic  equilibrium  and  stability  conditions  with 
the  variables  changed  to  represent  the  mechanical  variables  q,  q,  S,  and  F Instead 
of  the  thermodynamic  variable  T,  V,  S,  and  P. 

1.  Equilibrium  Conditions 

To  establish  the  criteria  for  equilibrium  consider  Clausius'  theorem 


i ' 

.1 

•i 


59.  _ 5S  l 0 » 
'i  4>  J R 


or 


A 1 ♦ A R ♦ 

8 1SL<  B 


A ^ = S(B*  ‘ S(A)- 


A 1 ^ A 

For  a Q-conservative  system  dQ  = 0,  then 

bS>_  o , 
or 

S(B)  > S(A). 

Therefore  the  mechanical  entropy  tends  toward  a maximum  so  that  spontaneous 
changes  in  a Q-conservative  system  will  always  be  in  the  direction  of  increasing 
mechanical  entropy. 

Now  by  the  first  law 

AQ  = AU  - FAq. 

Therefore 

<j>AS  > AU  - FAq 

which  is  analogous  to  the  Clausius  inequality  In  thermodynamics. 
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Now  consider  a virtual  displacement  (li,q)-*-(U+6q,  q+6q),  which  implies 
a variation  S+S+6S  away  from  equilibrium.  The  restoration  of  equilibrium  from 
the  varied  state  (U+5U,  q+6q)-*-(U,q)  will  then  certainly  be  a spontaneous  process. 


and  by  the  Clausius  inequality 

<J>(-SS)  > - (6U  - F5q). 

Hence,  for  variations  away  from  equipoise,  the  general  Inequality 

SU  - F6q  - <P6S  > 0 (6) 

must  hold.  The  inequality  sign  is  reversed  from  the  sign  in  Clausius'  inequality 
because  hypothetical  variations  <S  away  from  equilibrium  are  considered  rather 
than  real  changes  toward  equilibrium. 

In  a spontaneous  process, 

4>AS  > AQrev  = Ali  + work  done  by  the  system. 

The  "work"  consists  of  two  parts.  One  part  is  the  work  done  by  the  negative 
of  the  force  F.  It  may  be  positive  or  negative  but  it  Is  Inevitable.  Only 
the  rest  is  free  energy,  which  is  available  for  some  useful  work.  This  latter 
part  may  be  written  as 

A = AQrev  - A U + FAq. 

The  maximum  of  A is 

Amax  = <>AS  - AU  + FAq.  (7) 

which  is  obtained  when  the  process  is  conducted  reversibly. 

The  least  work,  required  for  a displacement  from  equilibrium  must 

be  exactly  equal  to  the  maximum  work  in  the  converse  process  whereby  the  system 
proceeds  spontaneously  from  the  "displaced"  state  to  equilibrium  (otherwise  a 
perpetual  motion  machine  may  be  constructed).  Corresponding  to  equation  (7)  then, 
is  6Amin  = SU  - F6q  - <*>6S  . 
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The  equilibrium  criteria  may  then  be  expressed  as 


i 


t •* 

, 


5%i1n  — °* 

In  words:  At  equilibrium  the  mechanical  free  energy  is  a minimum.  Any 
displacement  from  this  state  requires  work. 

2.  Stability  Conditions 

To  decide  whether  or  not  an  equilibrium  Is  stable*  the  Inequality  sign 
in  equation  (6)  must  be  ensured.  The  conditions  for  stability  may  take 
different  forms  depending  upon  which  variables  are  taken  as  the  Independent 
variables. 

To  derive  the  stability  conditions  when  q and  S are  taken  as  the  Independent 
variables  consider  the  terms  of  second  order  In  small  displacements  beginning 
with  the  general  condition 

6U  - F6q  - $6S  > o . 

Choose  u - U(q,S),  which,  because  of  the  Identity 

dS  * TT  " r dq 
<P  9 

or 

4>dS  = dll  - Fdq, 

Is  a natural  choice  of  the  independent  variables,  and  expand  6U  In  powers  of 
6q  and  63 

fill  * 96S  + F6q  + %(|qTdq2  + 2|q?s  SR55  + f^&S2)  + terms  of  third  order... 


The  Inequality  (6)  then  shows  that  In  (8) 

Second  order  terms  + third  order  terms  + ...>  0. 

Retaining  only  the  second  order  terms,  the  criterion  of  stability  is  that  a 
quadratic  differential  form  be  positive  definite; 


fqT  + 2 fq §5  W + | jr  «S2  > 0. 


(9) 
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If  this  is  to  hold  true  for  arbitrary  variations  in  6q  and  6S,  the  coefficients 
must  satisfy  the  following: 

if U n.  3 2U  . n.  3 2U  fd 2U  )2  . n 

When  q and  q are  considered  to  be  the  Independent  variables  a quadratic 
form  in  6q  and  6q  may  be  found  by  using 


K = U - d>S 


so  that 


6K  = 6U  - <p6S  - & S6q  - % 6S6q. 

dq  dq 

The  terms  «S6q  cannot  be  neglected  because  in  Clausius'  inequality,  which  is 

the  actual  stability  condition,  the  variations  are  finite,  therefore,  from 

equation  (6)  the  following  is  obtained: 

6K  + <J>6S  + %S  + 5S)6q  - F6q  - <p6S  > 0, 
dq 

SK  + ssq  + 5S6q  - F6q  > 0 . 

. dq  dq 

Expanding  in  powers  of  6q  and  6q 

SK  = F6q " df56^ + * ^q2  + ^M^q6q  + i ^q2  + ** ■ 

«« q = 1 ~«q2  + ^ - F» 

But 

3q  3q  3q  ^ 9q  dq 


Therefore 


■ 4 * - *4>  (f  - f>. 

3q3q  3q  3q  q 

92K  _ _ 9 2<j)  p _ djjl \ 9U 
9q2  3q2  dq  v 9q 


:7~ 


then 


(%)SSSq  - - (%  ♦ ^)<»q)!  - ^r~  6q6q  . 
dq  3q2  3q2  3q3q 


and  the  quadratic  fora  In  6q  and  6q  Is 


7 0^)’  + «q«q  ♦ - ^Hql1-  0S<«q)’-  ^q«q  > 0 , 

q 3q3q  1 3q2  3q2  dq2  3q3q 


~{«q)2  - + 2 ^5)  (6q)2  > 0 . 

3q2  3q2  3q 


Since  (•—)•  = F then 


— ■ (H)a  > o. 

3qa  31  <1 


Other  quadratic  forms  may  be  derived  by  using  different  Independent 
variables  however  these  two  quadratic  forms  will  suffice  for  this  development. 

C.  GEOMETRY  AND  FIELD  EQUATIONS 

If  we  adopt  one  of  the  quadratic  forms  of  the  stability  conditions  as  our 
metric  giving  the  geometry  and  obtain  equations  of  motion  then  It  becomes  obvious 
that  If  we  choose  a fora  with  velocity  as  one  of  the  coordinates  then  the  equa- 
tions of  motion  will  become  third-order  differential  equations.  The  fact  that 
these  equations  of  motion  would  be  third  order  In  time  displays  the  time  asymetrl- 
cal  nature  that  was  mentioned  In  the  Introduction  and  taken  as  a deslreable  feature 
of  equations  with  universal  application.  However  the  third  order  nature  poses  a 
problem  In  determining  a solution  for  third  order  equations  can  be  difficult  or 
Impossible  to  solve. 

1 . Geometry 

For  this  reason  then  we  shall  adopt  the  quadratic  form  of  equation  (9) 
as  the  metric  for  our  system.  Thus  we  are  adopting  a manifold  with  coordinates 
of  space-mechanical  entropy.  Caratheodory's  proof  of  the  extension  of  the  Integrat- 
ing factor  to  systems  with  additional  variables  may  be  used  to  extend  the  quadratic 
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form  to  one  in  four  dimensions;  three  in  space  plus  the  entropy.  The  quadratic 
form  then  becomes 


i - 

W , 

'I 


* 3 isV<dS>1 (dq“>  + jfsjqF  > 0:  0,6  > 1,  2,  3. 

Adopting  this  quadratic  form  as  the  metric  of  a general  system  whose  thermodynamic 

variables  are  held  fixed  we  may  then  write  this  metric  as 

(da)2  = hij  dq1  dq1;  (1,  j = 0,  1,  2,  3)  (10) 

where  the  summation  convention  is  used  and 

h = 3*U 

"ij  " rTTT  * 

n 3p  3P 

with  q = S/Fo,  the  scaled  mechanical  entropy  for  dimensional  correctness. 

Thus  the  stability  conditions  provide  a metric  In  the  four-dimensional  mani- 
fold of  space-mechanical  entropy.  However  the  existing  relativistic  theories 
are  theories  in  a space-time  manifold.  Therefore  if  these  theories  are  to  be 
contained  within  the  dynamic  theory  then  the  space-time  manifold  must  be  found 
within  the  dynamic  theory. 

The  arc  length  a in  the  space-mechanical  entropy  manifold  may  be  parameterized 
by  chosing 

da  = qQ  dt  = cdt 

where  qQ  = c is  the  unique  velocity  appearing  in  the  Integrating  factor  of  the 
second  postulate.  The  metric  may  now  be  written  as 

c2(dt)2  = h.j  dqidqj;  (1,  j = 0,  1,  2,  3)  (11) 

Now  suppose  the  systems  considered  are  restricted  to  only  Q-conservative 
systems.  Then  the  principle  of  increasing  mechanical  entropy  may  be  imposed 
In  the  form  of  the  variational  principle 

6 1 •'(dq0)*  - o • 

In  order  to  use  this  variational  principle  equation  (11)  may  be  expanded, 

solved  for  (dq°)  and  squared  to  arrive  at  the  quadratic  form 
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where 


F 


l ’ 


(dq0)2  « (^S-)  (c2(dt)2  + 2hoct  A dt  dqa  - ha&dq°dq6}  (12) 


oo 


.Y 


TAB 


AY 


with  qY  5 dqY/dt. 

By  defining  x°  = ct,  xa  = qa;  a=l,  2,  3 then  equation  (12)  may  be 
written  as 

A 

(dq0)2  = (^)  dx1  dxj;  (1,  j * 0,  1,  2,  3)  (13) 

where  f = hQ0.  This  metric  obviously  reduces,  In  the  Euclidean  limit  of  constant 
coefficients,  to  the  metric  of  Minkowski's  space-time  manifold  of  special  relativity. 

In  his  General  Theory  of  Relativity,  Einstein  assumed  the  space-time  mani- 
fold to  be  Riemannlan.  However  this  assumption  involves  the  a priori  assumption 
that  the  scalar  product  be  Invariant.  This  assumption  was  later  questioned  by 
Weyl  In  his  generalization  of  geometry.  From  the  viewpoint  that  the  adopted  postu- 
lates should  contain  the  other  theories  It  then  becomes  deslreable  to  determine 
whether  or  not  these  postulates  specify  the  geometry  of  the  (dq0)2  space-time 
manifold. 


Recalling  equation  (13)  we  can  define 

A 

\ ^ — / _1_\  a rly  ^ Hv  j — 


(dq°)2  = (y)  gijdx1dxJ  = (|)  (do)2  = g^dxV  (14) 

Now  the  second  postulate  guarantees  the  existence  of  the  function  mechanical 

entropy  and  that  dq°  be  a perfect  differential,  therefore 

) 

1 


dq°  * q°jdx* 


where  q0^  = aq^x1.  Then  the  exactness  of  dq°  Is  stated  by 


qi/j  ' q j/1  * °- 

By  defining  the  parallel  displacement  of  a vector  to  be 


dC 


1 


dx5?v 


Is  ’’V 
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(16) 

(17) 


1 

..  m a 


1 


J 


an^l  using  equations  (15)  and  (16)  It  may  be  seen  that  the  connections  must  be 


symmetrical,  or 


r v = r v 

1 ik  1 ki 


In  Vleyl's  generalization  of  geometry  he  found  it  necessary  to  assume  the 
symmetry  of  the  connections.  He  proved  a theorem  showing  that  the  symmetry  of 
the  connections  guaranteed  the  existence  of  a local  Euclidean  limiting  manifold 
and  used  this  theorem  in  support  of  the  symmetry  assumption.  Here  the  symmetry 
is  necessitated  by  the  adopted  laws. 

Suppose  now  we  consider  whether  order  of  differentiating  the  change  in 
entropy  makes  any  difference.  Therefore  consider  the  difference 

„ _ r*2/J„0\2  •n2/j„0\ 


a(dq0)2  . . JfKl 

ax^ax*  axxaxK 

Since  (dq0)2  = q0.  q°.  dx^dx**  from  equation  (15)-,  using  equation  (14)  we  find 

" J 


o o 

< i"  j ■ «u 


i2  lAn°\Z 


a ka  1 
x x 


[q°j|kU  qi  + qJ|k  qi|*  + q1 1 k | A qj  + qi | k qj|tldx1(lxj 


+ 2q°*|kq?  + 2qM*q°  * 


Likewise 


wjiiu  < * i»  "iik + k 93 + 9?it  9S  k> 


ax  ax 


+ 2qM*  < + 2qS|k  < 


Therefore  the  difference  must  be 

= tin0  _n°.  . 


A(dq  )2  = ^ (flj  |k|A"qJ  { A|k)q-|  + ^qi|k|rq1|t|k^qj}  dx  dx' 
Using  the  definition  equation  (17)  we  see  that 

dq°i  - ? dx*  q°r 


T«l 


and 


Now  since 


(dq0)2  = q°  q°  dxV  = g.j  dxidxj 

differentiation  will  result  in 

d(dq0)2  = d(q?q?  dx^dx^)  = d(g ^ ^ dx^dx^) 
or 

dq?  q?  dx^dxJ  + q?  dq?  dx^dx^  + q°q?  d(dx’dx^) 


= dg..  dx’dxJ  + g..  d(dxW) 

1 O I J 


which  can  be  written  as 


r?  dxA  q%?dxidx'^  + q?  T*  dxV  dxW  + qjq?  d(dxW) 

i j i j<>  r i j 


- dg.  . dx^dx^  + g..  d(dx^dx**), 

I J I J 


But 

a n n 

U vJ 

9ij  " Vj 

Therefore 

r? 

M 

dx4g  . + T1:  dx4  g. 
yrj  ja  yir 

or 

A 

^rj 

A 

iT  + g . r?  = 9-1-^- 

ia  yri  xja  3){a 

/s 

~ A 

r . . + r. . = — 

jia  ‘ija  axa 

Now  interchange  jia  to  aij  to  get 

r . . + r . . * 

aij  jai 

then  interchange  jia  to  1 A j so  that 


r.  . + r j . = — 1 

UJ  4lj  gx 


Add  equations  (21)  and  (22)  and  subtract  equation  (20) 

/v  /v  /s  ^ /v  a 3§4< 

riaj  + raij  + raij  + rjai  " rjia  " r1ja  ~ 73  + 73 
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or  f . i ,!V  ♦ 

4(j  ? 3xJ  ^ 3x4 

AAA 

and  ;r  . jjra  ,3  V , 39>j  agU) 

« 9 4ij  s {^r  3l<4  >• 

A 

Now  by  using  the  symmetries  of  g^-  It  can  be  shown  that 


and  therefore 


RjUk  * “ R1jik 
A(dq0)2  = 0 . 


This  is  the  necessary  and  sufficient  condition  that  the  differential  entropy 
change  may  be  transferred  from  an  initial  point  to  all  points  of  the  space  in  a 
manner  that  is  independent  of  the  path. 

The  distinguishing  features  of  Riemannian  geometry  is  the  invariance  of  the 
scalar  product  under  a vector  transplantation.  Therefore  to  determine  whether 

/\  /V 

the  (dq0)2  space  is  a Riemannian  space  consider  the  vectors  ^ and  • 


Now  since 


«1  " giJ* 


and  /v  a„  a a„  . /v  <*1,  9g * * * i « a r i 

<*«i  - rjsdxaer  = r^dx4  grk  ek  - -U-  eJ  dxa  *9,/J 


or  since 


9ij  d«j  = f?3dxl  9rk  ^ 


4 99  4 ■!  * A 

9 % ■ si  * 1 and  7T2  ■ rJU  4 rU3 


dtj  ’ 9<j  (fkis  - (fju  + dxa 

• S»  ( - fm)  ? dx4 

- - fj^  dx4  Ck  . 


sssaic^r 


Thus  the  change  in  the  covariant  and  the  contra va riant  vectors  is  given  by 


dCi  - Tru  dx*  ?r 


dV  = - rj4  dx^r 


A A • 

Now  consider  the  change  in  the  scalar  product  n1  . Then 

A /s  • /S  A J A • 

d(C1n  ) = d^n1  + C-jdn1 

= d**  ^ + «i  ?> 


dfei?)  = r^dx^^n1  - r'r6 


Renaming  the  indices  in  the  second  term  yields 


A A • A„  A A • Ay*  A A • 

<1(5(1  ) ' <ru  5ri  - Tn  V1  >dx 


Thus  the  geometry  of  the  (dq0)2  manifold  is  Riemannian. 

The  next  question  is  what  is  the  geometry  of  the  (do)2  space?  Using 

equation  (14)  (do)2  may  be  written  as  (do)2  * f(dq0)2.  The  appearance  of  the 

gauge  function  f means  that  by  forming  the  difference  A(do)2  tften  it  may  be  shown 

that  the  vanishing  of  f^  - f^  is  the  necessary  and  sufficient  condition  that 

every  differential  distance  do  may  be  transferred  from  an  initial  position  to  all 

points  in  the  (do)2  manifold  in  a manner  independent  of  the  path. 

Defining  the  potential  <|>k  = ± the  change  of  (do)  may  be  written  as 

* 3xk 

d(do)  = (J^  dx^  (do).  (24) 

If  ♦k/j  " 't’j/k  van1shes  then  the  (da)z  manifold  becomes  a Weyl  space.  Using  the 

A . 

connections  f ^ in  the  (do)2  manifold  we  then  have 

A 

h/3  " *J/k  * (^kj  ' *Jk*V 


However  by  considering  d(d$)2  ■ d(gijdx'dx^)  the  expressions  for  the  connections 
rjk  may  be  shown  to  be  Weyl's  connections  given  by 

*jk  * ?]k  + { gsj  h * gsk  " gjk  *s}  ‘ *25J 

«■!  «-j 

Now  since  rjk  * and  the  symmetry  of  the  second  term  on  the  right  hand  side 
Is  obvious  then 

p . p 

rjk  rkj ‘ 

Thus  <|>k^  - <j>^k  = o and  the  (da)2  manifold  must  be  a Weyl  geometry  with  the 
quadratic  form  (do)2  and  the  linear  differential  form  d<|>  ■ <|>kdx  . 

2.  Field  Equations 

We  have  now  shown  that  the  entropy  space  Is  a Rlemannlan  space  while  the 
sigma  space  Is  a Weyl  space.  There  remains  the  question  of  equations  of  motion 
and  field  equations.  The  answer  to  these  questions  Is  provided  by  Weyl's  unified 
field  theory  for  the  geometrical  principles  we  have  derived  plus  the  variational 
principle  provided  by  the  principle  of  Increasing  mechanical  entropy  provide  the 
set  of  postualtes  Weyl  made  In  his  theory.  We  therefore  arrive  at  the  variational 


problem 


6/[R  + h A F^F^  - X(%  - 6 ;,?)]  iCf  d"  x * 0 


where  ^ = A ^ and  F^j  = /T  F^  and  the  ^ and  Fjj  are  the  components  of 
the  vector  potential  and  the  electromagnetic  field  measured  In  the  usual  units. 

By  varying  only  the  potentials  In  equation  (26)  we  obtain  Maxwell's  electro- 

At 

magnetic  theory.  Variation  of  the  g^j  produces  Einstein's  General  Relatlvlsltc 
theory. 

Thus  the  Dynamic  Theory  yields  field  equations  of  Maxwell's  electromagnetic 
theory  and  Einstein's  general  relativistic  theory.  There  Is#  however,  an  additional 
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benefit  achieved  here.  Recall  that  in  both  the  entropy  and  sigma  manifolds  we 
showed  that  the  order  of  differentiation  of  the  element  of  aVc  length  was  im- 
material. This  is  important  for  the  following  reason.  Einstein  objected  to 
Weyl's  unified  theory  based  upon  an  argument  that  using  Weyl's  theory  one  should 
expect  the  spectral  lines  produced  from  an  atom  changing  states  would  depend 
upon  the  histories  of  the  atom  and  we  should  not  see  the  sharp  lines  we  observe. 
From  this  theories  point  of  view  the  order  of  differentiation  becomes  important 
for  the  change  of  the  entropy  of  the  atom  produces  the  spectral  lines  and  we 
have  shown  that  not  only  the  entropy  but  the  change  In  the  entropy  is  Independent 
of  the  path.  Therefore  the  spectral  lines  would  be  expected  to  be  Independent 
of  the  atom's  history  and  hence  the  sharp  lines  we  observe. 

D.  QUANTUM  EFFECTS 

In  1927  F.  London  derived  quantum  principles  from  Weyl's  theory.  However 
London's  result  made  it  difficult  to  define  length  as  a real  number.  Because 
of  this  Weyl  interpreted  the  mathematical  formulism  of  his  unified  theory  as 
connected  with  transplanting  a state  vector  of  a quantum-theoretical  system. 

The  Dynamic  Theory  removes  the  difficulty  of  defining  real  lengths  from 
London's  results.  This  may  be  demonstrated  by  considering  a Q-conservative,  or 
isolated,  system.  For  this  system,  since  dQ  = o,  the  second  postulate  requires 

dq°  > 0 

which  is  the  principle  of  increasing  mechanical  entropy.  Then  certainly 
(dq0)2  _>  0,  and  also,  since 

(dq0)2  = f(da)2  , 
f (da) 2 _>  o , 

However  if  f < o then  (da)2  < o since  it  is  the  product  which  must  remain  greater 
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than  or  equal  to  zero.  In  this  case 

dq°  = r- T /^T3o72  • 

But  by  Integrating  equation  (16)  we  find  that  the  element  of  arc  (da)  Is  given  by 

/<|>fc.dxk 

(da)  * (da)Q  e 

where  (do)Q  Is  some  Initial  value  of  the  element  of  arc.  If  (do)  = (da)Q 
then  the  Integral  in  the  exponent  must  be  equal  to  2ir1n  which  Is  the  quantization 
London  Introduced. 

To  Illustrate  how  this  condition  arises  naturally  from  the  dynamic  approach 

suppose  a description  of  a hydrogen  atom  Is  desired.  A hydrogen  atom  Is  In  a 

stable  condition  and  If  Isolated  satisfies  the  conditions  <TQ  ■ o and  dq°  « o 

since  the  principle  of  increasing  entropy  requires  that  the  entropy  be  a maximum 

at  equilibrium  for  an  isolated  system.  These  conditions  along  with  f t o 

1/ 

establish  the  quantization  of  the  integral  I ij^dx  • If  the  field  of  the  proton 
is  taken  as  4>0  = a'/r  ; <j>a  = o;  a f o then  simple  circular  motion  produces  Bohr 
radii  for  a'  = 2^2  where  h is  Planck's  constant.  The  Imaginary  a'  presented 
the  difficulty  of  defining  length  as  a real  number.  In  the  dynamic  approach  real 
distance,  or  length,  may,  and  properly  should,  be  defined  in  the  (dq0)2  manifold. 
Recalling  the  definition  of  the  potentials  It  may  easily  be  seen  that  If  f < o 
then  the  arc  length  given  by 

a = / /(da)T 

will  be  imaginary.  However  the  arc  length  In  the  (dq0)2  manifold  Is  real  since 
dq°  > o . 

E.  SUMMARY 

The  First  Law  adopted  here  is  a statement  of  the  notion  of  conservation  of 
energy  and  as  such  contains  nothing  essentially  new.  It  Is  Important  however  to 


note  that  the  Q-conservative  system,  where  dQ  = o,  does  not  necessarily  correspond 
to  the  usual  notion  of  a "conservative"  system  in  classical  mechanics.  In  classi- 
cal mechanics  a "conservative"  system  is  one  for  which  the  system's  energy  does 
not  change.  Therefore  a system  within  the  Dynamic  Theory  which  corresponds  to 
the  classical  notion  of  a "conservative"  system  is  one  for  which  dll  = 0.  From 
our  experience  with  thermodynamic  systems  we  can  see  that  this  is  somewhat  differ- 
ent from  a Q-conservative  system. 

The  Second  Law  enables  us  to  find  an  integrating  factor  for  the  First  Law 
and  in  so  doing  answers  the  question  posed  in  the  introduction  concerning  the 
speed  of  light  as  a limiting  velocity  for  forces  other  than  electromagnetic.  It 
was  shown  that  the  integrating  factor  was  independent  of  the  force  and  therefore 
does  not  depend  upon  what  type  of  force  is  considered.  The  absolute  velocity  is 
defined  as  that  constant  velocity  process  for  which  the  integrating  factor  is 
zero.  Hence  the  absolute  velocity  is  independent  of  the  force  and  therefore 
must  be  a unique  velocity  applicable  to  all  forces. 

Since  by  definition  the  absolute  velocity  is  a constant  in  one  reference 
frame  it  must  also  be  a constant  in  any  other  reference  frame  moving  with  a constant 
velocity  relative  to  the  first.  Thus  the  absolute  velocity  must  be  unique  and  a 
constant  in  all  references  frames  moving  with  constant  relative  velocities.  The 
experimental  and  theoretical  evidence  of  electromagnetism  requires  that  the  speed 
Vi  of  light  obey  these  same  properties.  Thus  the  absolute  velocity  must  be  the  speed 

•j 

vj  of  light  and  act  as  a limiting  velocity  for  all  forces. 

1 The  process,  or  procedure,  of  using  the  quadratic  form  as  the  metric  is  not 

known  (by  this  author)  to  have  been  used  before.  However  Its  use,  through  the 
geometry  and  principle  of  increasing  entropy,  leads  us  rather  naturally  to  the 
relativistic  theories,  electromagnetism,  and  quantum  effects. 
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Three  points  here  seem  particularly  significant.  First,  not  only  does 
the  adopted  laws  yield  Weyl's  unified  theory  but  they  completely  specify  the 
geometrical  assumptions  of  Weyl's.  This  removes  the  necessity  of  making  any 
assumptions  concerning  the  geometry.  Thus  Einstein's  assumption  of  a Rlemannlan 
space  applies  only  to  the  entropy  manifold  for  a Q-conservatlve  system,  but  Is 
necessary  for  that  manifold.  The  second  point  Is  that  while  there  may  be  several 
sets  of  constraints  which  require  that  (do)  * (da)Q  which  produces  quantum  effects 
these  effects  apply  only  to  forces  which  may  be  described  In  terms  of  Weyl's 
"distance  curvature"  and  not  to  forces  descrlbable  by  a "vector  curvature".  Or, 

In  terms  of  the  Interpretations  of  Weyl's  unified  theory,  quantum  effects  may  be 
seen  for  electromagnetic  forces  but  not  for  gravitational  thus  providing  an 
explanation  for  the  resistance  gravitational  effects  have  put  up  against  quanti- 
zation. Another  aspect  of  this  point  Is  Its  support  for  Einstein's  celebrated 
quote,  "God  doesn't  play  dice."  According  to  the  Dynamic  Theory  quantum  effects 
Is  required  but  only  for  systems  subjected  to  certain  restrictions.  The  more 
general  system  however  is  not  subjected  to  quantization.  Thus  while  the  Dynamic 
Theory  supports,  and  indeed  requires,  quantum  effects  It  also  supports  Einstein's 

\ contention  that  everything  should  not  be  quantized. 

f - 

I The  third  point  Is  that  the  adopted  laws  can  produce  the  different  branches 

l 

jj  of  physics  currently  used.  In  unifying  the  different  branches  of  physics  In 

Is*  i this  manner  the  Dynamic  Theory  may  prove  beneficial  not  only  In  better  under- 

'j  standing  the  Inter-relationships  of  the  various  branches  but  allows  the  possibility 
| • of  using  well  developed  techniques  of  one  branch,  such  as  equations  of  motion 

| in  mechanics.  In  another  branch,  such  as  non-equilibrium  thermodynamics. 
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III.  FIVE-DIMENSIONAL  SYSTEMS 
A.  SYSTEMS  NEAR  AN  EQUILIBRIUM  STATE 

Having  established  the  unifying  aspect  of  the  Dynamic  Theory  it  seems 
reasonable  to  make  the  next  step  that  of  considering  a system  with  both 
thermodynamic  and  mechanical  variables  in  order  to  display  the  effects  of 
applying  the  Dynamic  Theory  to  a more  general  system.  This  extension  will 
be  done  as  a series  of  three  steps  because  different  restrictions  on  the 
system  has  the  apparent  effect  of  extending  existing  theories.  This  manner 
of  presentation  should  allow  readers  specializing  in  different  fields  of 
physics  to  quickly  see  the  effect  of  the  Dynamic  Theory  in  their  area  of 
specialization. 

1.  Equations  of  Motion 

In  Chapter  II,  it  was  shown  how  the  set  of  three  laws  generalized 
from  the  classical  laws  may  be  used  to  specify  the  geometry  of  the  system 
and  how  these  laws  require  the  existing  theories  of  classical  thermo- 
dynamics, Special  and  General  relativity.  Maxwell's  electromagnetism  and 
quantum  effects.  During  this  development  strict  adherence  to  a separation 
of  thermodynamic  and  mechanical  variables  was  maintained.  In  reality  this 
separation  can  hardly  be  considered  as  total  or  complete,  for  Instance  in 
a plasma  subjected  to  electromagnetic  fields  the  density  and  temperature 

W , may  vary  considerably. 

•i 

v-j  Therefore  suppose  we  consider  some  sort  of  plasma,  which  may  contain 

; 1 a charge  density,  in  order  to  see  what  the  established  procedure  of  the 

Dynamic  Theory  may  yield.  Some  of  the  benefits  which  may  be  expected  to 
result  from  such  an  Investigation  might  be  a better  description  of  reality 
by  logically  connecting  the  thermodynamic  and  mechanical  variables,  standard 


i 

> 
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procedures  and  equations  for  non-equilibrium  thermodynamic  systems,  and 
a new  Insight  Into  the  electromagnetic  containment  of  a plasma. 

For  a system  with  thermodynamic  as  well  as  mechanical  variables 
the  first  law  becomes 

dQ  - dU  + Pdv  = Fa  dq°;  a - 1,  2,  3. 

Where  the  Q,  U,  v and  Fa  are  considered  as  specific  quantities.  That  Is 
these  quantities  are  related  to  a unit  of  mass  such  as  Is  customary  In 
thermodynamics. 

The  specific  volume  Is  the  reciprocal  of  the  mass  density,  yt  then 
using  the  mass  density  Instead  of  the  specific  volume  the  first  law  becomes, 
dQ  = dU  -(P/Y2)dY  - Fa  dq“;  a = 1,  2,  3. 

This  law  now  requires  that  the  system's  energy  U be  a function  of  five 
Independent  variables  so  that 

U * MS,  q1,  q2,  q3,  y). 

Thus  the  first  law  requires  a five-dimensional  manifold  of  entropy,  space, 
and  mass  for  a general  system.  Since  the  system  under  consideration  needs 
both  thermodynamic  and  mechanical  variables  we  can  no  longer  refer  to  the 
entropy  as  mechanical  or  thermodynamic  however,  the  limiting  case  where  the 
mass  Is  held  fixed  must  produce  the  mechanical  entropy. 

The  procedure  established  by  the  Dynamic  Theory  Is  to  take  the 
stability  condition  quadratic  form  as  the  metric  for  a stable  system.  Thus 
the  coefficients  of  the  metric  become  the  secdnd  partial  derivatives  of 
the  energy  function.  In  order  to  simplify  the  metric  suppose  for  the 


: 5 


present  that  we  restrict  our  system  to  be  very  near  an  equilibrium  state  jj 

so  that  we  may  consider  the  second  partial  derivatives  to  be  constants.  | 

i a 

This  Is  In  essence  considering  a local  Euclidean  manifold  which  the  symmetry  j 


of  the  geometric  connections  guarantees  that  we  may  do. 
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Since  the  metric  coefficients  are  constants  a transformation  may 


be  found  such  that  the  cross  terms  are  zero.  Then  in  this  coordinate 
system  the  metric  becomes 

c2(dt)2  = ( dq° ) 2 + dqadqa  + (dq4)2;  a = 1,  2,  3. 


q°  = f and  q4  = 

’ o ao 

If  we  again  consider  the  restriction  dQ  = 0 so  that  we  are  talking 
of  a Q-conservative  system  for  which  the  principle  of  increasing  entropy 
holds,  then  we  have  the  variational  principle  given  by 

6 / /(dS)2  = 0.  0 

Solving  equations  (27)  for  dq°  and  squaring  we  get 

(dq0)2  = c2(dt)2  - dqadq“  - (dq4)2  (J 


* c*  - g»8  (^)  (^h  a,  8 ■ 1.  2.  3.  4 
gag  = 6ag. 

“ The  entropy  manifold  given  by  equation  (29)  is  a five-dimensional 

Minkowski -type  manifold  with  coordinates  of  space-time-mass.  We  may  there- 
fore follow  the  procedure  Minkowski  and  Einstein  used  in  the  Special  Theory 
of  Relativity. 

First,  to  avoid  confusion,  let  us  rename  the  coordinates  as 
x°  = ct;  x1  = ql,  x2  = q2,  x3  = q3  and  x4  s q4. 

Then  define  the  five-dimensional  velocity  vector  as 

u1  = ^ ; 1 * 0,  1,  2,  3,  4 
dq 
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and  define  the  five-dimensional  acceleration  vector  as 

f 1 = 6ul  = d2x^  + , 1 , dx*  dxk 
Sq°  dqo2  **  dq°  dq° 

Now  the  specific  entropy  Is  the  arc  length  and  the  variational 
principle  Is  based  upon  the  entropy.  Therefore  if  we  multiply  the  specific 
entropy  by  the  mass  density  we  have  the  entropy  density.  The  variational 
problem  becomes 


4 / ^(dq0)*  = / Y *Tdq°)*  * 0. 

The  Euler  equations  for  this  problem  are 


« ,T9ir,  — n 


T ^ u'»k 

ax 


a<,“4  ' % '9uu'uJ * r {^o ■ Ar 

g1ju  u 3X  M 'g^u  V g^u  u 


Using  the  fact  that  g-u  uJ  = 1 the  Euler  equations  become 


Yf1  " a^1  " d°  “**  9ljUJ  H fl  (31) 

where  the  F*  are  force  densities. 

Obviously  If  we  hold  the  mass  density  fixed,  u4  = 0,  then  the  volume 
Integral  of  this  equation  becomes  the  force-mass-acceleratlon  relationship 
of  special  relativity. 

Now  since  f1  ■ and  (^-)  * c2  - u°ua;  a ■ 1,  2,  3,  4, 


.j  = F^ 
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pi  y 6u^  _ y <Sh1  dt 
6q°  ' 6t  dqa 


It  <£?>  where  *2  ■ uV;  « = 1.  2.  3,  4. 


jL  ( 
fit  \ 


J dx<\ 

-dr> 


S_ 

3^  St 


dX<\ 


where  3 s v/c  with  v the  four-dimensional  speed. 

The  force  density  equation  may  now  be  written  as 


/nrlF  F“  = £ it  <.T“-F 

Consider 

‘si  W if] + $ [/rH?  tt] 

but  = a„  v4  so  that  the  force  density  equations  may  now  be  written  as 

Ot  O 


rr  cfl  _ 1 5 r Y OX  i 

1-6  F " c2-  fit  sty  ■ 


a_  u^ 


r 1 dx“l 

l/r^rpst1' 


We  may  define  = Y1  as  the  effective  mass  density  or 


"Relativistic"  mass  density  then 


&[y  >&]  - 


a a_  V4Va 


By  defining  Fa  = c2  /I  - 32  (Fa)  so  that 


— r- — - - 
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* j*a  a«  v^v 

ft 


We  see  that  this  force  density  becomes  Einstein's  special  relativistic  force 
density  when  v4  * 0,  or  for  constant  "rest  mass."  Thus  the  equations  of 
motion,  equation  (32)  reduce  to  Einstein's  special  relativistic  equations 
of  motions  when  y = 0. 

2.  Energy  Equation 

Now  for  our  system  the  restriction  that 

dQ  * 0 = dU  - ^7  dy  - Fa  dxa:  a « 1 , 2,  3 

requires  that 

dU  = dy  + Fadx“;  a * 1.  2,  3 

or  If  ^ Is  considered  as  another  generalized  force  density  then 
dU  * Fadx“;  a - 1.  2,  3,  4. 

Thus  by  Integrating  the  expression  for  the  system's  energy  change 
we  should  arrive  at  the  Einstein  energy  equation  If  we  hold  u4  = 0. 
Therefore  we  shall  perform  the  Integration  using  the  force  densities  given 
by  equation  (32)  to  get  the  system's  energy,  or 

7.  7,  _ P r j a _ r d r y dxa-i  *0  u4ua  ■.  j a 

u ■ uo  ■ 1 Fadx  ■ 1 {ar '■srrjr w3  vr-'pz — } dx 


_ ,p  , d . 1 dx“  . d r 1 dx“i  ao  u4u° 

l ‘at * /ttb? -ar + T at  ivny-ar1  -jrz=H=} 


A - 


ft  dr  1 dx°n  dxa, 

[ {y  3t  IT3  St}  dt 

lo 

t u°  111,0 

{ ly  c&  (yT^F)  uV  + vT^T]}  dt- 


M 


r 


; 


i 


i 


But  c2e2  = uV  and  c28§  = u°  , therefore 

“ - “o  ■ '*  c!s2  + frV> dt 


C2  / y 


BdB 


{ Y {IT' 02)3/2- 


Now  8 depends  upon  u"  and  not  upon  x4, 


U - U = 


YC' 


o ' (l  - e2)1/2 


or  y»  therefore 


or 

2 

0 = -Yg7yi-/?  + constant. 

If  the  Internal  energy  Is  considered  as  the  system's  energy  when 
the  spacial  velocities  u“;  a = 1»  2,  3 are  taken  as  zero  then  the  internal 
energy  density  given  by 

« 2 

U = .-rr ~J,£  ™ , , + constant . 

> - <T» 

At  the  equilibrium  condition  where  u4  is  also  zero  the  internal  energy 
density  is  then 

U = yc2  + constant. 

By  taking  the  constant  of  integration  to  be  zero  this  internal  energy  density 
then  corresponds  to  Einstein's  "rest  energy"  where  here  the  'rest  energy'  is 
in  terms  of  a four-dimensional  "at  rest"  state. 

If  we  make  the  usual  type  approximation  of  allowing  B2  « 1 then 
the  system's  energy  density  is  approximately  given  by 

U = yc2  + j y v2  + j J^J2  (y)2 

where  here  u4  e is  used.  This  displays  the  classical  limit  system  energy 
ao 

density  for  a Q-conservative  system  very  near  equilibrium. 
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The  question  may  be  asked  whether  or  not  it  is  necessary  to  have 


five  dimensions.  In  considering  this  question  suppose  we  make  the  usual 
definition  of  temperature  as 


3U 

as 


= T 


d U dt  t 
3t  dS  ‘ 


Now 


and 


Therefore 


dU  . vc2  . vepc2 

at ' T nr?/2 


as  * _L  dgl  = C_  /rriz 
dt  dt  F B • 


dt 

dS 


0 

c7l"-T* 


and  the  temperature  becomes 

-2 


c(l  - 32)2 


tPP 

[yc2  (1  - 32)  - y33]. 


T = c/rIn!r  * rr  -¥)^ ] c(i~FW2 

F 


For  3 « 1 then 


Then  as  the  time  rate  of  change  in  the  mass  density  approaches  zero  at 
the  equilibrium  state  we  find  that  the  temperature  approaches  zero.  Phys- 
ically we  do  not  see  this  happening  therefore  a total  separation  of  thermo- 
dynamic and  mechanical  variables  Is  not  strictly  possible.  This  requires 
that  we  must  make  an  extension  of  our  world  from  the  four  dimensions  of 
relativity  to  the  five  dimensions  of  the  Dynamic  Theory. 
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B.  SYSTEMS  WITH  NON-EUCLIDEAN  MANIFOLD 
1.  General  Variational  Principle 

Suppose  now  we  relax  the  assumption  that  the  system  is  very  near 
an  equilibrium  point  so  that  the  second  partial  derivatives  are  no  longer 
constants  but  are  functions.  This  is  essentially  the  same  transition  as 
Einstein  made  going  from  his  special  to  general  theory,  however,  the  logic 
of  the  transition  is  much  simplier  here.  The  only  change  in  the  logic 
appears  in  the  relaxation  of  the  assumption  of  nearness.  There  is,  of 
course,  a drastic  increase  in  mathematical  difficulty  since  the  metric 
components  are  no  longer  constants. 

We  shall  consider  a system,  which  again  may  be  a charged  plasma, 
which  must  be  described  by  both  thermodynamic  and  mechanical  variables. 

When  written  in  terms  of  the  mass  density  the  first  law  for  this  system  may 
be  written  as 

dQ  = dU  - £ dY  - Fadq“;  a - 1,  2,  3 

where  the  tilda  denotes  specific  quantities. 

Following  the  prescribed  procedures  of  the  Dynamic  Theory  we  shall 
take  the  stability  condition  quadratic  form  as  the  metric  for  our  system. 
Thus  the  metric  coefficients  will  be  given  by  the  second  partial  derivatives 

a2u2 

h = 3“  ; 1,  j - 0,  1,  2,  3,  4 
J 3q  3qJ 

where  q4  = . The  metric  may  then  be  written  as 

ao 

c2  (dt)2  = h0Q  (dq°) 2 + 2 hQa  dq°dqa  + hQp  dq°dqe 
where  a,  6 = 1 , 2,  3,  4. 


i 


i 


BUHi 
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Imposing  the  restriction  that  the  system  be  Q-conservative,  3Q  * 0, 
results  in  the  principle  of  increasing  entropy  so  that 

6 / /Td5F=  0. 

Thus  in  terms  of  the  specific  entropy  the  variational  principle  may  be 


written  as 


6 / /(ydq0)2  = 6 f y /(dq0)2  = 0 

Solving  the  metric  given  by  equation  (30)  and  squaring  yields  the 


expression 


(dq0)2  = {pp— > (c2  (dt)2  + 2 h0a  [*]  dt  dq“  - h^  dq°dqB};  a,  B « 1 , 2,  3,  4 


w = ip1  qy  ± /cl  . y .Y.«  + . 

oo  h h q q h' J2 

00  00  00 

This  metric  in  a five-dimensional  manifold  of  space-time-mass  may  be 


rewritten  as 


where 


(dq0)2  - (^~)  (do)2 


(dq0)2  = q^  dxW;  1,  J • 0,  1,  2,  3,  4 

(do)2  = . dx^ dx^ ; i,  j = 0,  1,  2,  3,  4 

with  x°  = ct;  x1  h q1;  x2  = q2;  x3  h q3;  x4  = y/30*  Thus  we  may  write 

(dq0)2  = q1a-  dxW  = (|)  (do)2  = (p-)  g^  dxV.  ( 

Having  established  the  metrics  in  equation  (33)  in  the  manner  pre- 
scribed by  the  Dynamic  Theory  the  geometry  must  be  Weyl  geometry  and 
defining  the  potential  five-vector  as 

. .1/2 
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and  the  field  tensor  as 

Fij  = ,j  " ^j,i 

then  we  may  follow  Weyl's  procedure  in  his  unified  field  theory2  to  arrive 
at  the  variational  principle 

5 / [ft  + \ A F^F'j  - X(J  - 12  i,*1)]  /-g  dx5  » 0 (3 

where  fij  5 iF1j  and  *1  5 

Varying  the  metric  coefficients  g. . in  the  variational  principle 

* J 

(36)  will  yield  field  equations  of  the  Dynamic  Theory  which  are  extensions 
of  Einstein's  General  Theory  of  Relativity. 

2.  Gauge  Function  Field  Equations 

In  order  to  isolate  the  field  equations  resulting  from  a gauge 
function  from  the  field  equations  produced  by  a vector  curvature  let  us 
consider  a Local  Euclidean  manifold  for  (do)2. 

Now  the  field  tensor  given  by  equation  (35)  has  25  components.  We 
would  like  to  determine  the  field  equations  for  these  components.  The 
quickest,  though  not  the  only,  way  is  to  consider  the  five  dimensions  to  be 

x°  = i c t;  x“  = x°;  a = 1,  2,  3,  4. 

The  field  tensor  is  then  defined  to  be 


:! 

1 E! 

1 E2 

1 E3 

1 V°\ 

' f 4 • 

i 

m 

M 

0 

B3 

-B2 

V1 

Fij  M -1  e2 

-B3 

0 

B1 

V2 

1 _i  Ea 

B2 

-B1 

0 

V3  | 

\-<  vo 

-V! 

-V2 

-V3 

0 

Using  Blanchl's  identities 

ilji  ♦ illk  ♦ IfM  . 0 

ax*  ax'  axJ 

and  the  various  combinations  of  the  Indices  0,  1,  2,  3,  4 we  obtain  the 


field  equations 


v • F * 0 


fxf+a.^=0 


7xF  + 1|I=o 

’ vo  + ^ It  + ao  ly 


The  definition  of  the  5-vector  current  density 


sx’  C 1 


yields  the  equations 


v * r + ao  if  “ 4wp 


nxf.lii+a 
7 x B 1 at  ao  aY  c 


=■  v + 1 3V°  - 4lr  J 

7 * v + cir  -tV 

Equations  (37)  and  (39)  form  a set  of  seven  Maxwell -type  equations 
which  obviously  reduce  to  Maxwell's  four  equations  if  the  mass  density  Is 
held  fixed. 

The  wave  equations  for  the  new  field  quantities  may  be  derived 
using  standard  assumptions. 

J-  tv  . 71  + 1 32V°  - - 7 37  + 1 32Vo 

at  ^7  ^ + c It7"  c dt  ' dt  c atz 


while 


»•  ^7V0^  + c'V'lr=“a0,*lY"cV*lT+7*7 


7 • V V. 


therefore 
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1 


V2V  - 


1 32v0  _ 4 it  3J4  _ aF 

o c2  Tt7"  " c7  Tt"  ' ao  7 * S7  * 


For  the  vector  field  we  have: 


therefore 


— 3V 

? (? • 7>  * ? ir 


V X (v  X V)  + 72  7 7 V = ^ V J, 

C 31  0 C 4 


V2  V - —~L  = — v J + — ^ + a (y  x if[\ . 

c 7 at7  C J4  C at3y  a0  '7  x 3y' 


But  v • E = 4np  - aQ  so  that 


v2  V 1 3 Vo  _ 4ir  3J4  a 8Vo 

v vo  H7  It*-  ^ TT  - ao  37  4irp  * ao  -3T 

and  v x B - 1 1|  = ilj  - a |^  so  that 

C 3t  c 0 3y 

V2v  - -L  s^ln  1 + a 3 4irT.93E  „ 3V 

Now  since  the  wave  equations  for  the  usual  vector  and  scalar  potentials 
are 

v2A  - -X-  = _ Xl  T 

M c7  at7  c J 

v2*  " FT  ft7  = - 4ltp’ 

We  may  differentiate  these  with  respect  to  the  mass  density  and  substitute 
them  into  our  wave  equations  and  get 

, 1 3 2 4_  8*14  32V 

V 2 V L p = 25. 1 + a 2 0 

0 C7  it7  0 C7  3t  a0  3y2 


y2  y _ _3_  y 1 + . 3r93F  37t 

v H7  St7  C 7 J4  + ao  a7  t2  at  " a0  TP 
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where  1/  = V + a.  f^-  and  \!  - V - a. 

0 0 0 3y  0 3y 


3.  Interpretation  of  the  Current  Densities 

For  our  system  the  conservation  of  charge  becomes 


3J^ 

ax1 


0;  1 = 0,  1,  2,  3,  4 


so  that 


an  — — aJ4 


(41) 


Thus  we  see  that  defining  the  current  densities  by  equations  (38)  leads  us 
to  consider  the  new  component  of  current  density  J4  which  alters  the 
conservation  of  charge  equation,  (41). 

Since  equation  (38)  defining  the  current  densities  involves  an 
interpretation  linking  these  equations  to  reality  there  seems  to  be  no  a^ 
priori  reason  for  this  defining  relationship.  Defining  the  current  density 
in  this  manner  introduces  also  the  necessity  of  interpreting  the  new  term 
J4,  which  in  turn  requires  changing  our  concept  of  conservation  of  charge 
to  that  of  equation  (41).  While  the  extension  to  five  dimensions  may  well 
require  changing  our  concept  of  conservation  of  charge,  just  as  the  step 
from  three  to  four  dimensions  required  a change  in  the  conservation  of  mass, 
it  should  be  possible  to  appeal  to  experimentation  to  determine  this 
requirement. 

Suppose  we  look  at  the  defining  relations 

3 Fj 


Ji 


3X 


1 


= 0 


(42) 


then  equation  (37)  becomes 


E = 


, ^ 

O 3y 

V 


V X*  .1*1-  . a £ 
7 B C 3t  a0  3y 


7+1 
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3Vo 

cir 


(43) 


0. 


(44) 


So  that  we  may  define  the  charge  density  as 


a 3Va 
. - o o 

p = ' W 17 


and  the  current  density  as 


T _ V 3V 
J = "*T  3? 


Substituting  equations  (44)  and  (45)  into  the  remaining  equation  (43)  we 


obtain 


V . 0 


which  is  the  classical  conservation  of  charge  equation. 

Thus  if  we  use  the  defining  equation  (36)  we  are  faced  with  inter- 
preting the  new  term  J4  which  has  its  origin  in  the  thermodynamic  variables 
our  system.  While  if  we  choose  the  defining  relation^ (42) , (44),  and  (45) 
we  may  keep  our  concept  of  conservation  of  charge  but  this  requires  us,  by 
equations  (44)  and  (45),  to  consider  current  densities  to  have  their  origin 
in  the  thermodynamics  of  our  system. 

C.  QUANTIZATION  IN  FIVE-DIMENSIONS 
1.  Quantizations 

The  system  under  consideration  now  is  a five-dimensional  system 
with  arc  element 

(dq°)2  = f (da)2. 

Now  since  our  system  is  a Q-conservative,  3Q  * 0,  system  the  principle  of 
increasing  entropy  requires  that  (dq0)2  > 0 so  that  f (da)2  >0.  Introducing 
the  quantization  conditions  results  in 

/ dxj  = 2irin;  j = 0,  1,  2,  3,  4 

where  4> ^ = ± and  x°  = ct;  x1  = q1;  x2  = q2;  x3  = q3;  x4  = — . 

J 3xJ  aQ 


i 
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If  we  restrict  ourselves  to  a (da)2  space  which  is  the  local 
Euclidean  space  then  (do)2  is  the  five-dimensional  Minkowski -type  manifold 
and  using  London's  work  we  would  produce  a five-dimensional  quantum  dynamical 
system. 

2.  Five-Dimensional  Hamiltonian 

We  previously  showed  that  the  principle  of  increasing  entropy 


resulted  in 


6 I y Adq0)2  = 0 


as  the  variational  principle  for  a local  Euclidean  manifold.  Since 
multiplication  by  a constant  does  not  change  the  problem  we  may  take  our 


variational  problem  to  be 


6 / Y c2  /(dq0)2  = 0. 


i 

Defining  the  velocity  vector  as  uJ  = — - and  the  momentum  as  p.  s 

dq°  J 


_ 3L 

= ZJ 


y g.^u  , where  we  have  used  the  fact  that  qjkuJuK  ■ 1,  then  we  may  form 


the  contra variant  momentum  as 


„j  _ „jk„  _ _jk  _ 

P ■ 9 Pk  = 9 Y 9k)l  u 


so  that 


88  h 9j V 9k£  u*>  = Y2  u*  gjk  u 

= Y <Y  91k  UjUk) 


= v2 


l _ . k 


= Y2C2, 


since  yc2  = y gjku^uk.  Equation  (47)  is  the  five-dimensional  "momentum 


energy"  equation. 
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We  may  now  follow  London's  procedure  to  obtain  our  wave  function 
for  the  five-dimensional  system.  However  a quicker  way  to  investigate 
the  effect  of  the  Dynamic  Theory  upon  quantum  mechanics  would  seem  to  be 
that  of  adopting  Dirac's  equation  in  a five-dimensional  form  and  following 
a development  analogous  to  standard  four-dimensional  relativistic  quantum 
mechanics.  With  this  in  mind  then  we  shall  adopt  the  form 


h = 1 (ai  + a2  ax*  + a3  ax*  + hF*  * e (48 

to  be  the  five-dimensional  specific  Hamiltonian  operator.  In  equation  (48) 
the  o's  and  3 do  not  involve  derivatives  and  must  be  Hermitian  in  order 
that  h be  Hermitian. 

By  taking  the  four  partial  derivatives  In  equation  (48)  as  the 
4-vector  momentum  operator  we  may  write 

h * - (o  • p + 8).  (49 

3.  Five-Dimensional  Dirac  Equation 

If  we  take  p°  | > = h | > and  require  that  the  a's  and  & are  chosen 
such  that  solutions  of  this  equation  are  also  solutions  of  equation  (47) 
we  find  the  restrictions  imposed  upon  the  choice  of  the  a's  and  3 to  be: 

(a  • p)2  = p2 

32  = 1 (5C 

o3  + 3a  * 0 

where  natural  units,  c = 1,  are  used. 

A set  of  4 x 4 matrices  satisfying  the  requirements  of  equation  (50) 


e - 


^ “ 1f  Z*  3;  ^ 02-o^ 


where  I is  the  2x2  identity  matrix  and  the  o's  are  the  2x2  Pauli  spin 


matrices. 


Then  the  five-dimensional  Dirac  equation  may  be  taken  to  be 


1 * (x)  3 (i  ® * 7 " *)  * (#) 

where  the  v is  a four-dimensional  operator.  By  defining 

Y°  = 3 i = - Bo  (u  = 1.  2,  3,  4) 

y 

then  equation  (52)  may  be  written  as 

(i  3 -y^  + 1)  f (x)  = 0. 

J 

By  virtue  of  the  properties  of  the  a's  and  $ plus  the  fact  that 
r 1 for  j = k = 0 
gjk=  « -1  for  j = k = k,  2,  3,  4 
w 0 for  j f k 


the  anti commutator  of  the  Y-matrices  must  satify 
(Yj,  y1}  * 2gji. 

In  standard  representation  the  Y-ma trices  are  given  by 


r°  ’ <5  > r"  ■ (“u  -J-).  i.  ■ 1.  2.  3;  t*  = Cp  °a). 


"°2  0 ) 
0 a2 


4.  "Lorentz"  Covariance 

Under  a five-dimensional  Lorentz  transformation 

x^  = L^k  xE 

we  shall  suppose  each  component  of  the  wave  function  Y (x)  transforms  Into 
a linear  combination  of  all  four  components; 

Y (x)  LT  (x’)  * S v (x)  ( 


€2 


where  S is  a Dirac  spinor  satisfying 


c-i  j c . ,j  k 
S y S * LJ|(  y . 

By  using  an  infinitesimal  Lorentz  transformation  given  by 
LJk  - g\  + deeJk 

where  eJk  are  a set  of  16  numbers,  then  S(e)  may  be  shown  to  be  given  by 

e 

S(e)  = exp  (T  / de) 
o 

where  the  matrix  T is  given  by 

T _ 1 j k 
T ‘ T ejk  Y Y . 

Equations  (55),  (56)  and  (57)  suffice  to  guarantee  the  Lorentz 
covariance  of  the  five-dimensional  Dirac  equation. 

5.  "Free  Particle"  Solutions 

If  we  look  for  solutions  of  equation  (55)  which  are  also  eigen- 
functions of  the  operator  p^  = i3^  then  we  may  write  the  wave  function  as 

* (x)  = w (p)  e‘ipjx  . 

By  substituting  equation  (58)  into  equation  (55)  we  find  that  w (p)  must 


satisfy 


(PjYj  + 1)  w (p)  - 0. 


Using  the  standard  representation  of  the  Y-matrices  equation  (59)  may  be 
wri tten 


p0  + 1 

1 P4 

-P3 

-Pi  + iP2  \ 

1 

f"1 

_1  P4 

Po  + 1 

'Pi  * % 

P3 

W2 

p3 

Pi  * 1P2 

Po  + 1 

_i  P4 

W3 

Pi  + 1P2 

-P3 

HP4 

-Po  + 1 / 

W4 

where  it  is  important  to  remember  that  p , p2,  p3  and  p4  represent  minus 
the  respective  components  of  p.  This  set  of  four,  linear,  homogeneous, 
algebraic  equations  has  a nontrivial  solution  only  if  the  determinant  of 
the  square  matrix  on  the  left  hand  side  vanishes.  This  determinant  is 
(P02  - p2  - l)2.  Thus  equation  (58)  is  a solution  of  the  Dirac  equation 
only  if 

P0  = ± (p2  ♦ V'/2.  (61) 

By  defining  e (p)  = (p2  + l)1^2  then  equation  (61)  becomes 


P0  * ± e (p).  (6! 

Substituting  equation  (62)  into  equation  (60)  the  solutions  are  found  to  be: 


for  pQ  = +e 


ux  (p)  * N 


-J3 

e + 1 1 

Pi  + ^2 

c + 1 
1 


u2  (p)  = N 


Pi  - Wt 

e""+  T 

-P3 

e + 1 

E + 1 


V 


I 


i ' 

K ‘ ’ 


», 

I1*, 


l 

I 


for  pQ  = -e 


/ 1 

/ 1p'  \ 

/ 

/ -iP* 

e + 1 

1 

"P3 

v2  (p)  = N 

-Pi  + ip2 

e + 1 

e + 1 

CM 

CL 

1 

T~* 

CL 

1 

P3 

> e + 17 

\ rrr 

(64) 


where  N is  a constant. 

Following  standard  quantum  mechanical  procedure  we  shall  adopt  the 
probability  current  density  to  be 

jk  (x)  = y (x)  Yk  * (x) 

with  the  requirements: 

(1)  3k  jk  - 0 

(2)  j transforms  as  a contravariant  vector,  and 

(3)  jk  must  be  real. 

We  can  determine  the  normalizing  constant  N by  using  the  fact  that 

3 

m = / y dx 
v 

then  calculating  the  expectation  value  of  the  mass.  Thus 

< m > = / y+  m y d3x 
v 

where  t represents  the  transposed  complex  conjugate.  Then  using  any  of 
the  solutions  given  by  equations  (63)  or  (64)  the  expectation  value  becomes 


< m > 


_ 2N2meV 
' TTTT) 
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so  that 


1/2 


(f 


Thus  the  "free  particle"  solutions  of  the  five-dimensional  Dirac 
equation  are  given  by  equations  (63)  and  (64)  with  the  constant  having  the 
value  given  by  equation  (65). 

6.  Spin 

In  the  three-dimensional  space  the  angular  momentum  is  given  the 
vector,  L,  as  the  cross  product  of  the  coordinates  and  momenta.  We  shall 
then  define  the  angular  4-momentum  to  be  the  four-dimensional  cross  product 


L = 


Eijkx^pk 


where  x4  is  the  mass  density  and 


0 if  any  two  indices  are  alike 

1 for  even  permutation  to  align  Indices  in 
ascending  order 

-1  for  odd  permutation  to  align  indices  in 
ascending  order. 


Then  the  comutator  of  the  components  of  the  angular  v-momentum 


with  the  specific  Hamiltonian  are  not  zero,  for  instance 


[L3,  h]  ■ iY°Y1P2  - iY°Y2P1  + iY°Yl*P1  - iY°Y1P4  + iY°Y4P2  _ iY°Y2P4. 

Now  suppose  there  exists  a 4-spin  vector  such  that  the  sum  of 
the  angular  4-momentum  and  the  4-spin  vector  commutes  with  the  specific 
Hamiltonian,  then  if  we  define  a new  3-spin  vector  to  be  IT,  given  by  the 
components  Uj  = ^ 1y4yx»  u2  = j 1y4y^*  and  u3  = ^ ^y4y3»  and  take  the  usual 
spin  vector,  s,  given  by  sx  = ^ 1y2y3»  s2  = Jjr  iY3Yx»  and  s3  * ^ 1yxy2»  the 
components  of  the  4-spin  vector  may  be  shown  to  be 


In  analogy  with  standard  relativistic  quantum  mechanics  the  eigen 

T 

values  of  the  4-spin  components  can  be  shown  to  be  + / It  may  also  be 
shown  that  the  set  of  observables  P,  h,  and  S • P,  where  P is  the  4-momentum 
and  S is  the  4-spin,  form  a complete  set  of  commuting  observables. 

7.  Dirac  Equation  with  Fields 

In  analogy  with  relativistic  quantum  mechanics  we  take  the  5-dimen- 
sional Dirac  equation  to  be 

[ ( i 9 j - Y1  + 1]  V = o (66) 

I 

where  is  5-vector  potential. 

J 

By  operating  on  the  left  with  [(i3j  - 4> j ) y J - 1]  and  separating  into 
symmetric  and  anti  symmetric  parts  as 

i k _ 1 , i k,  , 1 r j k-,  _ ik  . jk  /,7, 

Y Y =2  {y  ,y  * + ? ly  »Y  J = 9 + o (67) 

then  equation  (66)  becomes 

t ’ [(i9j  - ) ( i 3 J - J)  -1  + ("3j3k  + - i ‘frj 9k  - 1 3 j T = °-  ^ 

^ ! 

•I 

.-j  Separating  3j4>k  into  symmetric  and  anti  symmetric  parts  as 

i 

3j4lk  = 7 (3j*k  + Vj*  + 7 (3j*k  " 3kV 
and  defining  the  field  tensor  as 

Fjk  = 3j\  " 3k*j 
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(69) 


r 


‘t  TO 


t ' 

w 


then  equation  (68)  becomes 


Nom  since 


Jk  = 


jk 


j)(i3k 

- »k)  - 

1 - \ 

= 0. 

0 

X1 

i2 

X3 

-X1 

0 

-2i  s 3 

2is2 

n1 

-X2 

2is3 

0 

-2is 1 

n2 

-X3 

-2is2 

2i  s1 

0 

n3 

-X** 

-n1 

-n2 

-n3 

o 

1.  2, 
0 

3,  and 
Ei 

E2 

E3 

v°  V 

-Ei 

0 

-B3 

B2 

vi 

_E2 

B3 

0 

-B1 

V2 

-E3 

-B2 

B1 

0 

V3 

-vo 

-V1 

-V2 

-V3 

0 

plus  recalling  the  seven  Maxwell-type  equations 
v • B = 0 


— F j.  1 3^  _ n 

7 X E + C 3t  ~ ° 


3Vq 

v • F = 4irp  - aQ 

?xTtao||=0 


7 X B 


D . ill  * M _ a — 


C 3t  c o 3y 


1 3Vn 


tV  +I5l+a  |E-0 

vv0  C 3t  0 3y 

4tt  j 

- - _ J4. 


Then  equation  (69)  may  be  written  as 


(70) 


and  therefore  there  will  still  be  a magnetic  moment. 

D.  SUMMARY 

If  indeed  the  Dynamic  Theory  corresponds  to  reality  then  any  system 
which  requires  thermodynamic  as  well  as  mechanical  variables  for  its 
description  must  be  described  in  a five-dimensional  manifold  of  entropy- 
space-mass.  A Q-conservative  system  which  is  very  near  an  equilibrium  state 
must  be  described  in  a five-dimensional  manifold  of  space-time-mass.  Thus, 
for  such  a system,  mass  enjoys  a status  equivalent  to  that  of  space  and 
time  in  the  Special  Theory  of  Relativity. 

When  the  system  is  taken  to  be  far  enough  from  an  equilibrium  state 
for  the  second  partial  derivatives  to  be  taken  as  functions,  the  Dynamic 
Theory  readily  yields  a variational  principle  from  the  field  equations  and 
equations  of  motion  may  be  determined. 

The  seven  Maxwell-type  equations,  equations  (37)  and  (38)  introduce 
four  new  field  quantities  that  form  an  Interrelationship  with  the  electro- 
magnetic field.  In  Section  III.B.4  these  quantities  pose  a question  of 
interpretation.  However,  these  field  quantities  may  be  seen  from  a different 
perspective  in  the  following  sections. 

The  formulism  of  standard  relativistic  quantum  mechanics  was  carried 
out  in  the  five-dimensional  manifold  of  the  Dynamic  Theory.  It  seems 
significant,  or  at  least  interesting,  to  note  that  the  effect  of  the  fifth 
dimension  is  to  fill  the  zeros  normally  found  in  the  square  matrix  of 
(pjY^  + 1)  of  equation  (60). 


■ > 
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With  the  development  of  the  spin  and  the  five-dimensional  Dirac 
equation  with  fields  comes  the  possibility  of  finding  an  interpretation 
of  the  new  field  quantities.  This  possibility  may  be  seen  in  the  follow- 
ing argument. 

Suppose  that  an  electron,  because  of  its  small  amount  of  mass  when 
compared  to  a proton  or  neutron,  does  not  involve  sufficient  mass  density 
change  to  warrant  using  the  5th  dimension.  Then  the  magnetic  moment  of 
the  electron  should  be  given  accurately  by  the  four-dimensional  Dirac 
equation.  The  accuracy  of  these  predictions  Is  already  known. 

But  suppose  that  nucleons  (i.e.,  protons  and  neutrons)  have  sufficient 
mass  density  change  to  warrant  using  the  5th  dimension  provided  by  the 
Dynamic  Theory.  Then  the  nucleons  should  be  described  by  equation  (69). 

Using  equation  (70)  we  should  expect  a different  value  for  the  magnetic 
moment  of  a proton  than  the  prediction  of  the  four-dimensional  Dirac  equation 
since  the  field  equations  involve  additional  source  terms.  For  the  neutron, 
which  has  no  electric  charge,  we  would  also  find  a magnetic  moment  predicted 
by  equation  (69)  because  of  these  additional  source  terms. 

Now  if  we  assume  that  the  differences  between  the  observed  values  of 
the  magnetic  moments  of  the  proton  and  neutron  and  the  predicted  values 
of  relativistic  quantum  mechanics  are  due  to  the  strong  interaction  or 
nuclear  forces,  then  we  must  connect  the  new  terms  in  equation  (70)  with 
the  nuclear  charge  and  nuclear  current  densities.  Then  the  new  field 
quantities  may  play  the  dominant  role  in  the  realm  of  nuclear  physics. 

Then  the  field  equation  (70),  plus  equation  (71)  and  the  three  spin  vectors, 
S’,  ? and  u may  provide  answers  to  questions  in  nuclear  and  elementary 
particle  physics. 
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